Study objectives: To compare the clinical management and health outcomes of men and women after admission with acute coronary syndromes, after adjusting for disease severity, sociodemographic, and cardiac risk factors. Design: Prospective national survey of acute cardiac admissions followed up by mailed patient questionnaire two to three years after initial admission. Setting: Random sample of 94 district general hospitals in the UK. Patients: 1064 patients under 70 years old recruited between April 1995 and November 1996. Main results: Of the 1064 patients recruited, 126 (11.8%) died before follow up. Of the 938 survivors, 719 (76.7%) completed a follow up questionnaire. There were no gender differences in the use of cardiac investigations during the index admission or follow up period. However, male patients with hypertension were more likely to undergo rehabilitation compared with female hypertensive patients (OR 2.01, 95% CI 0.85 to 4.72). Men were also more likely to undergo coronary artery bypass grafting (CABG) than women (OR 1.90, 95%CI 1.21 to 3.00), but there was no gender difference in the use of revascularisation overall (p=0.14). An indirect indication that the gender differences in CABG were not attributable to bias was provided by the lack of gender differences in health outcomes, which implies that patients received the care they needed. Conclusions: Despite the extensive international literature referring to a gender bias in favour of men with coronary heart disease, this national survey found no gender differences in the use of investigations or in revascularisation overall. However, the criteria used for selecting percutaneous transluminal coronary angioplasty compared with CABG requires further investigation as does the use of rehabilitation. It is unclear whether the clinical decisions to provide these procedures are made solely on the basis of clinical need.
A fundamental tenet of the British NHS is that health care should be provided equitably, that is, solely according to clinical need. Yet there is evidence that gender bias exists in the use of cardiac services. 1 In practical terms, gender bias can result in either over-treatment in the favoured group (in this case, men) or under-treatment in the neglected group. Given the importance of coronary artery disease as a cause of morbidity and mortality in both men and women in the United Kingdom, the existence of gender bias would be of considerable social and clinical importance. 2 3 Studies conducted in the NHS have serious limitations as they have relied on inadequate, routinely collected data, on retrospective data collection, or have not examined the entire management pathway from admission with acute ischaemia to revascularisation. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Failure to study the entire management pathway is important because studies from other countries suggest that gender differences occur early on in the clinical management of patients-in the investigation of coronary artery disease rather than in the subsequent use of revascularisation. 1 To overcome the limitations of previous studies, we investigated the complete management pathway of patients, admitted to a random sample of district general hospitals, with a diagnosis of acute myocardial infarction or myocardial ischaemia to see if there was evidence of inequity between men and women in the way they were managed.
METHODS
This was a follow up of patients recruited for the Survey of Acute Myocardial Infarction and Ischaemia (SAMII). Details of that study have been reported elsewhere. 16 Briefly, a sample of 94 district general hospitals in the UK were randomly selected. Each hospital was asked to recruit 12 consecutive patients (six female and six male) less than 70 years old who, in the opinion of the admitting medical team, presented with the symptoms and signs of acute myocardial infarction or acute myocardial ischaemia. A total of 1064 patients, 503 women and 561 men were recruited between April 1995 and November 1996. This sample size was calculated to provide a 90% probability of detecting a significant difference in the use of revascularisation (where one really existed) with precision of 95%. The power calculation was based on gender differences in revascularisation found in an English retrospective study of the management of a cohort admitted with acute coronary heart disease. 9 For each patient, information was collected prospectively on standardised forms. Data on demographic characteristics and health status on admission, management, and hospital outcome were collected by consultant cardiologists or their research nurses (both of whom had attended a training session). Risk factor and family history data were provided directly by the patients themselves (table 1) . Data supplied by clinicians was checked for completeness and for outlying values by the research team, and referred back for completion or correction.
The indicators of disease severity, and therefore, of the need for health care, that were collected were the presence of a Q wave infarct, clinical, or radiological evidence of heart failure, an abnormal rise in creatine kinase levels, recurrent signs or symptoms of ischaemia and the mean duration of the exercise test performed just before discharge. These variables are recommended by the American College of Cardiology/ American Heart Association as determinants of the appropriateness of indication for angiography. 17 Surviving patients were followed up in 1998-that is, between two and three years after their initial admission, by means of a mailed questionnaire. Non-responders were sent two reminders. Information was sought on investigations and revascularisation procedures performed during the intervening period, and on the respondents' current state using the Quality of Life after Myocardial Infarction Questionnaire II. 18 In all the analyses, where possible data on the initial admission that had been provided by patients (rather than clinicians) were used as all follow up data were from patients. Thus, when the same question was asked of patients and clinicians, patients' responses were used for consistency.
Male patients were compared with female patients with respect to their sociodemographic, cardiac risk factor, and health status characteristics and their use of health care interventions. The χ 2 test was used to compare categorical variables and the t test for independent samples was used to compare the distribution of continuous variables.
Gender differences in the use of health care interventions were further analysed by examining the effect of gender after adjusting for indicators of disease severity and for potential confounders (discharge diagnosis, sociodemographic, and cardiac risk factors) using multiple variable logistic regression. 20 Models including interactions between variables were then compared with models without the interaction term. The variables chosen were those where, if gender was significantly associated with the use of interventions, it was intuitively plausible that the association may differ depending on whether the discharge diagnosis was angina (more common in women) or myocardial infarction (more common in men) and according to the presence or absence of indicators of clinical need (heart failure and recurring signs and symptoms) and other potential confounders. The final model was assessed using the likelihood ratio test to check whether adding any variables led to a significant improvement in model fit. To undertake analysis of interactions, continuous and categorical variables were recoded as dichotomous: age was recoded as under 50 years or 50 years and over; ethnic group as white or non-white; Carstairs' scores of social deprivation as less than zero (affluent) and more than zero (deprived). 19 The statistical software package, SPSS version 8.0 was used.
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RESULTS
Reliability of the follow up questionnaire Intra-rater reliability was determined by sending a repeat questionnaire 12 weeks after the first one to a random sample of 80 patients, 59 of whom responded. Cohen's κ was calculated for each item coded as a categorical variable. The level of agreement for every item was good to excellent (κ scores ranged from 0.62 , p value <0.0001, to complete agreement), with the exception of waiting for exercise tests (κ=0.26, p value =0.0005) and angiography (κ=0.30, p value =0.0003). The Pearson product moment correlation coefficient was used to measure the degree of association for each of the quality of life domains separately and for the global domain. The correlation coefficients were above 0.90 for all domains.
Response to follow up questionnaire Of the 1064 patients recruited to the study, 126 (11.8%) died within the follow up period. Of the 938 surviving patients, 719 (76.7%) returned the follow up questionnaire. A comparison showed that there were no significant gender differences between responders (53.1% male) and non-responders (51.9% male, p =0.70) or between responders and non-responders who had died (53.1% male versus 58.2% male, p=0.30). A comparison between responders and non-responders (table 2) also showed that there were no statistically significant differences by age, most cardiac risk factors, experience of exercise testing or isotope scanning, having a follow up plan for angiography or regional centre referral. However, responders were more likely to be white, to live in an affluent area, be a non-smoker, have no history of coronary disease, have less severe disease (as indicated by the presence of Q waves and heart failure) and yet have a discharge diagnosis of myocardial infarction, and be referred for cardiac rehabilitation.
Characteristics of male and female responders
Women responders were significantly older and more likely to abstain from alcohol than men (table 3) . While women were more likely to have certain cardiac risk factors (personal history of hypertension and diabetes, family history of hypertension and coronary artery disease), they were less likely to have a history of myocardial infarction or of previous percutaneous transluminal coronary angioplasty (PTCA) (table 3) . Women were less likely to have a discharge diagnosis of myocardial infarction (which was significantly less likely to be a Q wave infarct). Despite these differences, there were no significant gender differences in survival or in the quality of life of survivors-overall quality of life (mean scores: men 4. Effect of gender on the likelihood of a healthcare intervention During their index admission, gender differences were observed among the 719 responders to the follow up questionnaire (table 4) . Men were more likely than women to undergo echocardiography, to receive a local outpatient follow up appointment, and to be referred for a course in cardiac rehabilitation. However, when all the original 1064 patients were considered, the only gender difference observed was referral for rehabilitation. During the follow up period men were more likely to undergo coronary artery bypass grafting (CABG) than women (table 5) . There were no other significant gender difference in investigations or cardiac procedures undergone or awaited. Although women were more likely to undergo PTCA, this was not statistically significant.
Effect of potential confounders on the relation between gender and rehabilitation
To examine further the association between gender and the use of rehabilitation among responders (n=719), the odds ratio for the entire baseline sample (n=1064) was calculated (OR 1.39, 95% CI 1.07 to 1.81). It remained significant after adjusting for each potential confounder, including disease severity, in turn and cumulatively. However, the odds ratio was no longer statistically significant when either the patient's discharge diagnosis (1.28, 95% CI 0.94 to 1.73) or the use of revascularisation was taken into account (1.22, 95% CI 0.80 to 1.89) .
Interactions between other potential confounders and gender were assessed. Hypertension significantly improved the fit of the baseline model, which comprised gender, a discharge diagnosis of myocardial infarction, and the use of revascularisation (likelihood ratio test, p=0.03 on 1 degree of freedom). This indicated that the observed influence of gender on rehabilitation, having adjusted for a discharge diagnosis of myocardial infarction, was modified by a history of hypertension: men with hypertension were twice as likely to undergo rehabilitation compared with women with hypertension (OR 2.01, 95%CI 0.85 to 4.72). There was no significant gender difference in rehabilitation for normotensive patients (OR 0.64, 95% CI 0.32 to 1.27). Overall, patients with hypertension were less likely to undergo rehabilitation than normotensive patients (OR 0.67, 95% CI 0.50 to 0.89) but this treatment difference did not apply in the same way to both men and women. Hypertensive women were nearly half as likely to undergo rehabilitation compared with normotensive women (OR 0.57, 95% CI 0.33 to 0.98). This finding could not be explained by the older age of hypertensive women (age adjusted OR for hypertensive women compared with normotensive women 0.48, 95% CI 0.29 to 0.78). However hypertensive men were as likely as normotensive men to receive rehabilitation (OR 1.04, 95%CI 0.49 to 2.20).
Effect of potential confounders on the relation between gender and CABG
The association between gender and the use of coronary artery bypass grafting (OR 1.90, 95% CI 1.21 to 3.00) remained after adjusting for each potential confounder, both individually and cumulatively. No significant changes occurred in the odds ratio, which remained statistically significant. In other words, the effect of gender on CABG was not affected by the level of clinical need. No significant improvement in fit was found for any interaction term. 
DISCUSSION Findings
There was little evidence of gender bias in the clinical management of patients admitted with an acute myocardial event. Women, who were older, were less likely to be diagnosed as having suffered an acute myocardial infarction and, not surprisingly, were therefore less likely to be sent for cardiac rehabilitation or CABG. These differences in management seem to be justified given the similar outcomes that men and women experience. The only gender inequity found was that hypertensive men were more likely to be referred for rehabilitation than hypertensive women even after adjusting for a discharge diagnosis of myocardial infarction and for the use of revascularisation (which is a common reason for referral for rehabilitation). This suggests that hypertension is taken more seriously in men than in women. Men were significantly more likely to undergo CABG than women, a finding that could not be explained by the available indicators of clinical need. This was partly balanced by more women than men undergoing PTCA, although the difference was not significant. These gender differences may be attributable to gender differences in the number of coronary arteries diseased. We were unable to determine if this was the explanation as angiography results were not available.
Methodological considerations and explanations
This is the first study to take a random snapshot of the whole of the UK to investigate the management of a representative sample of acute cardiac patients. In addition, the entire clinical management pathway of patients admitted with acute ischaemia was examined, rather than restricting the examination to a limited number of health care interventions. Finally, this is one of the few studies to measure gender differences in quality of life after acute coronary events.
The study does, however, have several limitations. The potential weaknesses of the baseline study have been discussed elsewhere. 16 Firstly, there are concerns that cases may have been selected by the hospital staff recruiting patients. However, the finding that in the pilot study (where consecutive cases were ascertained regardless of gender) the median duration to recruit six women was similar to that of the baseline sample offers considerable reassurance. Lack of data on non-recruited patients prevented any more detailed analysis of recruitment bias. Secondly, patients over 70 years were excluded because, when the study was planned, some hospitals operated an upper age limit for admission to a coronary care unit. Given the different age distribution of coronary heart disease between men and women, this might have biased the study. Thirdly, the lack of a clinical, electrocardiographic and/or biochemical case definition reflected our pragmatic aim, that is to record the reality of clinical practice. Thus, provided a diagnosis of acute myocardial infarction or myocardial ischaemia was the opinion of the admitting medical team, then the patient met their inclusion criteria. The baseline sample thus represented the full spectrum of clinical, electrocardiographic, biochemical, and radiographic features of acute ischaemic syndromes as currently diagnosed and treated in UK district general hospitals.
Accurate indicators of the need for revascularisation-that is, findings at angiography and the ejection fraction-were unavailable because follow up information was only collected from patients. 22 23 Instead, initial symptom severity was relied upon despite angina being only weakly associated with angiographic disease. 24 In our defence, UK clinical guidelines emphasise the importance of symptom severity in guiding clinical decisions and symptom severity was the basis of an expert panel's ratings of appropriateness for angiography. [25] [26] [27] A second concern was that indicators of disease severity measured at the index admission may not be indicative of the need for revascularisation when the decision to perform that procedure may be made up to three years later.
Another potential limitation was that it was not known whether the 122 non-responders who died received any treatment after discharge, and if so, if there were any gender differences. As there were no significant gender differences between the patients who replied and those who died, this factor is unlikely to have had any significant impact on the results.
The findings were limited in three ways by incomplete data. Firstly, use of echocardiography and isotope scanning during the follow up period, were not measured. This was because the pilot study revealed that these data were not reliably recorded 
Key points
• Health care should be provided fairly in the NHS but there is evidence of gender bias in the use of cardiac services.
• Existing studies of the NHS are limited because they have used routinley collected data or have not examined the entire management pathway.
• This study investigated the complete management pathway of patients admitted to a random sample of hospitals, with acute ischaemia.
• No gender differences were found in the use of investigations or in revascularisation overall. However, the criteria used for selecting PTCA versus CABG requires further investigation as does the use of rehabilitation. It is unclear whether the clinical decisions to provide these procedures are made solely on the basis of clinical need.
by patients. Secondly, gender differences in revascularisation could only be examined in the 54% of responders who supplied the year of operation, to ensure that the analysis was restricted to procedures that took place after, and not before, the index admission. Finally, it was not feasible to measure the effect of full thickness (Q wave) infarction on the use of interventions because these data were not recorded for many patients. However, this is not an important indication of the need for revascularisation according to published guidelines. Given that the more important indicators of severity available for analysis did not influence the affect of gender, it is unlikely that infarct thickness would have had an important effect.
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Relation to other studies No gender differences in the use of non-invasive investigations were found in this study of UK practice. This finding is important because a critical review of the international (but predominantly American) literature suggested that noninvasive testing may be the rate limiting step on the pathway to revascularisation. No statistically significant gender differences for angiography or PTCA were found. Previous studies report conflicting results. In common with previous research that did not take account of findings at angiography, this study found that men were more likely than women to undergo CABG. 1 Finally no significant gender differences in rehabilitation were found in two of the three previous studies undertaken, unlike this study which found gender differences for hypertensive patients. [28] [29] [30] Explanation and implications of findings The effect modifying influence of hypertension may have been a chance finding as it was the only one of 17 interaction terms added to the model that achieved significance. On the other hand, it is possible that because blood pressure is regularly monitored in hospital, this risk factor is more visible and so assumes greater significance compared with the other cardiac risk factors, when making decisions about referral for rehabilitation. Why this should result in the finding that women with hypertension are half as likely as normotensive women to be referred for this service, is unclear, but it merits further study of the influence of clinical judgement and of patient preference.
Use of clinical protocols may explain the lack of gender differences found in the use of investigations. The management of acute ischaemia was explicitly defined by protocols that were available when the study was undertaken, and that clinicians might, therefore, be expected to follow. 26 Conversely, the existence of some inequity in referral for rehabilitation may reflect the absence of such explicit guidelines at the time that the patients were recruited, or a lesser regard for the importance of rehabilitation compared with the use of revascularisation. Gender differences in the use of PTCA and CABG could either reflect gender differences in the severity and extent of disease, or differences in clinical judgement.
These results have implications for policy makers. An extensive international literature has grown up around gender differences in the management of coronary artery disease, and editorials written in both the US and in the UK consistently refer to a gender bias in favour of men. [31] [32] [33] Yet this national study found no gender differences in the investigations (exercise testing and angiography) or in revascularisation in patients under 70 years old. These findings, therefore, suggest that policy does not need to change. However, these results do raise two issues that require further investigation. Firstly, the criteria used for choosing between PTCA and CABG may differ for men and for women. Secondly, more prospective studies of access to rehabilitation are needed as it seems not to be provided solely on the basis of clinical need.
Policy implications
• Our findings suggest that there is no need to change UK national policy regarding the use of exercise testing, angiography, and revascularisation for patients under 70 years old.
• However, if further prospective studies show that the criteria for choosing between percutaneous transluminal coronary angioplasty and coronary artery bypass grafting differs for men and for women, and that access to rehabilitation is not provided solely on the basis of clinical need, then there are important policy implications.
• These include developing transparent criteria for deciding between percutaneous transluminal coronary angioplasty and coronary artery bypass grafting, and for access to rehabilitation, and ensuring that these criteria are monitored.
